Gastric body mucosal proliferation was quantified and localised under conditions of increased gastrin drive using a variety of techniques. Rats were given omeprazole 400 ,imollkg/day by gavage and after 30 days mean serum gastrin rose 11-fold (p<0.001). Total mucosal polyamines rose 220% from 15.9 to 50.9 nmollmg protein (p<0001). This was associated with a 238% increase in crypt cell production rate from 0.541 to 1.83 crypt cells/h by vincristine metaphase arrest (p<0-02). Using computer aided counting of proliferating cell nuclear antigen (PCNA) immunostained nuclei to assess epithelial proliferation in hypergastrinaemia rat stomach: mucus neck cell PCNA labelling was increased by 41% (p<0.001) and gland cell PCNA labelling was increased by 222% (p<0.001). PCNA/AgNOR (argyrophilic nuclear organiser regions) co-stained sections were used to assess proliferative activity in cycling and noncycling cell populations. Data from these experiments suggest that, in addition to increasing the number of mucosal cells in cycle, cell life and cell cycle duration may be reduced in hypergastrinaemia.
Gastrin stimulates acid secretion in the gastric body and is trophic to both epithelial and enterochromaffin like cells of the gastric body mucosa.l 2 Administration of omeprazole, a substituted benzimidazole, causes achlorhydria by inhibition of the proton pump in gastric parietal cells.2 In animals and humans with an intact gastric antrum, this results in a sustained, progressive but reversible increase in serum gastrin.3 4 The proliferative compartment of the gastric oxyntic mucosa is thought to be confined to the mucus neck cells. Expression of proliferation associated antigens is uncommon in foveolar, surface, and gland cells, which are fed by migration of cells from the neck cell compartment. 5 The experiments described give new insight into this process.
Different techniques for measuring cellular proliferation give different types of information. In recognition of this we have performed studies in parallel relating to proliferation associated biochemical events, the number of cells in cycle, the site of cellular proliferation, the duration of the cell cycle, and the number of new cell births. The techniques used include analysis of mucosal polyamine content, proliferating cell nuclear antigen (PCNA) immunostaining, counting of nuclear organiser region numbers, and measurement of crypt cell production rate. All were performed in the same rat model of accelerated gastric epithelial proliferation.
Polyamine biosynthesis is closely linked to epithelial proliferation. The polyamines spermidine, spermine, and their precursor diamine putrescine are present in all cell types.6 They are synthesised from the amino acid ornithine, in a reaction catalysed by the enzyme ornithine decarboxylase (ODC) . While the precise function of polyamines is still uncertain, one of the important interactions of the polyamines in eukaryotic cells is their ionic interaction with DNA, which has implications for both DNA structure and function. (Fig 1 left panel) . Using a conventional microscope the pits were examined and arrested metaphases were counted (Fig 1 right panel) . Forty pits per biopsy specimen were examined. The mean metaphase count in 40 crypts was plotted against time and a best fit line calculated by linear regression. The slope of the line is the crypt cell production rate. The gradients (metaphase accumulation/min) are compared for significance using a t test that takes into account scatter around the best fit line. The term crypt cell production rate is used here when referring to cell births in the gastric pits/glands.
PCNA immunocytochemistry (Fig 2)
Fresh rat stomachs were fixed in Carnoy's solution for four hours and stored in 70% alcohol. From wax embedded blocks three micron sections were cut, mounted on glass slides, and air dried at room temperature overnight. Sections were dewaxed, taken through alcohol, and then immersed for 10 minutes in 25% phosphate buffered saline in methanol with 0.5% hydrogenperoxide to block endogenous peroxide activity. Sections were subsequently taken to water and immunostaining was performed using the ABC method (Dakopatts, High Wycombe, England), with primary incubation of PC10 antibody overnight at a dilution of 1:200 in triethanolamine buffered saline as previously described.25 Diaminobenzidine was used as a chromagen. No counterstain was used to maximise the differential between nuclear staining and background. Tonsillar Assessment ofproliferation by computer aided image analysis (Figs 3 and 4) PCNA stained sections were examined using a Carl Zeiss Jenaval microscope with a Hitachi KP140 solid state camera attached. The video interface with a Joyce Loeble Mini Magiscan was amplified and converted into a digital signal. The system uses GENIAS (General Purpose Image Analysis Software) to analyse the image. This adjusts for staining intensity and after subtraction of background and artefact, separates overlapping features and counts stained nuclei as previously described. 26 Sequential PCNA and AgNOR staining (Fig 5) Separate 3 micron sections were cut and incubated overnight with PC 10 at a dilution of 1 in 200. Immunostaining was carried out with the APAAP method using the streptavidin ABC kit (Dakopatts, UK). No counterstain was used. The PC10 stained slides were then used for AgNOR staining by the Rowland's modification of the Ploton method. 27 Counting of the AgNORs was carried out by one investigator (SJD) by a standard cumulative mean technique as previously described.28 Well orientated sections were examined using a green filter to increase definition. At least 100 PCNA positive and 100 PCNA negative cells were counted in both the neck and gland areas. The Student's t test on paired and unpaired data was applied as appropriate (all groups had a normal distribution) at 95% confidence intervals.
Results

Serum gastrin
In vehicle control rats the mean serum gastrin was 24-8 EmoJ/ml (median 25-1; range 11 9-37-4 fmol/ml). After 30 days of omeprazole administration 400 pumoL/kg/day, this rose 1 1-fold to a mean serum gastrin of 270-8 fmol/ml (median 245; range 173-445 fmol/ml) (p<0.01 Mann-Whitney U test). Mucosal thickness Oxyntic mucosal thickness was increased 16% from 4 
PCNA immunocytochemistry
Mucus neck cell PCNA labelling increased 41% from 460/mm2 (209-616/mm2) in normogastrinaemic rats to 649 9/mm2 (493-819/mm2) (p<0-001) in the hypergastrinaemic animals.
Gland cell PCNA labelling increased 222% from 63 9/mm2 (35-88/mm2) in normogastrinaemic rats to 220/mm2 (144-377/mm2) (p<0.001). Repeated examination of the same section showed a standard deviation of 2-7%.
Sequential PCNA and AgNOR staining The method resulted in brown/black silver stained AgNOR dots against a red background in the nuclei of PCNA positive cells and against a golden background in the nuclei of PCNA negative cells. The dots were easily enumerated. PCNA negative cells had 1-2, or rarely 3, AgNORs per nucleus. PCNA positive cells had generally 1-3, and occasionally 4, AgNORs per nucleus.
In the hypergastrinaemic rats the AgNOR counts per PCNA positive neck cell nucleus (2.29 (0. 11), mean (SD)) were similar to AgNOR counts in PCNA positive gland cell nuclei (2.26 (0.14)).
These values exceeded AgNOR counts in the normogastrinaemic rats for both PCNA positive neck (1.71 (0.07)) and PCNA positive gland cells (01)) (p<0-001). In normogastrinaemic rats, neck and gland PCNA positive cells had similar AgNOR counts.
The AgNOR counts per PCNA negative nucleus of hypergastrinaemic rats were similar in both the neck cells (1-31 (0-1) ) and the gland cells (1-33 (0.09) ). These values exceeded AgNOR counts in the normogastrinaemic rats PCNA negative nuclei of neck (1-23 (0.05)) and gland cells (1.25 (0.1)) (p<0-001). In normogastrinaemic rats PCNA negative neck and gland cells had similar AgNOR counts.
Discussion
Our experiments have quantified accelerated gastric epithelial proliferation in the stomach of hypergastrinaemic rats using a number of different methods. Gastrin is known to stimulate cell proliferation in the stomach and removal of antral gastrin secretion leads to gastric mucosal atrophy. The novel aspects of our studies relate to the nature and relation between different cellular events, the site of these events, and the relevance to therapeutic acid suppression in humans.
Our findings suggest that the greatest increment in cell proliferation in response to increased gastrin drive occurs in the gland component of the gastric mucosa. Conventionally 
